INTRODUCTION
============

Peripheral arterial disease (PAD), atherosclerotic occlusion of the arteries to the legs, is an important manifestation of systemic atherosclerosis \[[@B1]\]. Both symptomatic and asymptomatic PAD are associated with a significantly increased risk for cardiovascular mortality \[[@B2]\]. It has been reported that patients with PAD, even in the absence of a history of myocardial infarction or ischemic stroke, have approximately the same relative risk of death from cardiovascular causes as do patients with a history of coronary or cerebrovascular disease \[[@B3]\].

One of the objective measures of PAD is the ankle-brachial index (ABI), defined as the ratio between the systolic arterial pressure at the ankle level and that in the left or right brachial artery \[[@B4]\]. PAD is defined as an ABI ≤0.9 \[[@B5]\]. This measurement is valuable for early detection of PAD and is also an indicator of generalized atherosclerosis \[[@B6]\].

It has been reported that diabetes is associated with a two-to four-fold increase in the incidence of PAD compared with that in non-diabetic subjects \[[@B7]\]. Among the U.S. adult population ≥40 years of age, the prevalence of PAD is 9.5% in diabetic subjects, two-fold higher than the 4.5% prevalence in non-diabetic subjects \[[@B8]\]. Accordingly, the American Diabetes Association (ADA) consensus statement recommends that ABI should be performed as a screening measure in all diabetic individuals \>50 years of age \[[@B9]\].

While many PAD studies have been conducted in Western countries, little is known about the prevalence of PAD in Asian populations. PAD-SEARCH (peripheral arterial disease - screening and evaluation of diabetic patients in Asian regions characterized by high risk factors), the first international study to investigate the prevalence of PAD in Asian type 2 diabetic patients, reported that 11.7% of Asian patients with type 2 diabetes have PAD \[[@B10]\]. However, this study may have not reflected the general prevalence of PAD in Asian type 2 diabetic patients because it included only type 2 diabetic patients over 50 years of age having one or more risk factors such as smoking, hypertension or dyslipidemia. The aim of the present study was to investigate the prevalence of PAD in Korean type 2 diabetic patients attending a university hospital and to characterize the factors associated with PAD.

METHODS
=======

Study subjects
--------------

The study subjects consisted of 2,002 consecutive type 2 diabetic patients who underwent ABI measurement at the Diabetes Center of Asan Medical Center between February and July 2009. Type 2 diabetes was defined as onset age ≥25 years and fasting C-peptide level \>1.0 ng/mL. Among the 2,061 patients in whom ABI was measured during the study period, 59 patients with the following conditions were excluded from the study: 1) onset age younger than 25 years (*n*=14), 2) type 1 diabetes (*n*=30), and 3) an ABI \>1.4 (*n*=15). The study protocol was approved by the Institutional Review Board of Asan Medical Center.

Study design
------------

We analyzed the prevalence of PAD in all type 2 diabetic patients who underwent ABI during the study period. To characterize the factors associated with PAD, we performed a case-control study. For each patient with PAD, we selected age- and sex-matched control patients without PAD and retrospectively examined the medical records. We obtained information about age, sex, body mass index (BMI), duration of diabetes, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FBS), 2-hour postprandial glucose (2hPG), C-peptide, hemoglobin A1c (HbA1c), total cholesterol, high density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, smoking history, and various complications of diabetes. All laboratory results were based on the tests performed on the day of the ABI exam. Diabetic retinopathy included both non-proliferative and proliferative retinopathy diagnosed by the ophthalmologist. Diabetic nephropathy included microalbuminuria (defined as an albumin-to-creatinine ratio between 30 and 300 µg/mg in a random urine spot collection), overt proteinuria (defined as an albumin-to-creatinine ratio \>300 µg/mg), and azotemia. Diabetic neuropathy was defined as having typical symptoms and/or evidence of reduced vibratory sensation or impairment on nerve conduction. Diagnosis of cerebrovascular (CVA) and coronary artery disease (CAD) were dependent on a history of ischemic events and/or demonstration of vascular stenosis by radiologic or other measures (i.e., brain magnetic resonance imaging \[MRI\], coronary angiography, or coronary computerized tomography \[CT\]). All results of the diagnostic tests were based on the final examinations on the day of the ABI exam.

Measurement of the ABI
----------------------

The ABI was calculated for each leg by dividing the SBP obtained at the ankle level in the respective leg by the SBP of the brachial artery. Measurements were performed with the participants in the supine position. The examination was performed by trained technicians using VP-1000® (Colin Co., Komaki, Japan).

Assessment of PAD
-----------------

The lesser ABI of the two legs was used to determine the presence of PAD because disease often occurs unilaterally. We used an ABI ≤0.9 as a criterion for the diagnosis of PAD according to the guidelines of the American College of Cardiology and the American Heart Association (ACC/AHA) \[[@B5]\]. This cut-off point has a sensitivity of 95% and a specificity of 99% for detecting a significant stenotic limb lesion (at least 50% of arterial lumen) \[[@B11]\]. An ABI ≤0.4 was regarded as severe PAD \[[@B1],[@B5]\].

Statistical analysis
--------------------

Data were analyzed using the software program SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) and SAS software package version 9.1 (SAS Inc., Cary, NC, USA). Continuous variables were expressed as the mean±standard deviation, and categorical variables as a percentage. Student\'s *t*-test and the chi-square test were used to compare continuous and categorical differences, respectively. Age-adjusted prevalence estimates were calculated using the direct method, which were age adjusted to the 2005 Korean population \[[@B12]\]. Multivariate conditional logistic regression analysis was performed using PAD as the dependent variable and smoking, duration of diabetes, SBP, serum total cholesterol, and presence of microvascular or macrovascular complication as the independent variables. The control group was selected using the stratified random sampling method to be matched for age and sex with the case group. A *P* value less than 0.05 was considered statistically significant.

RESULTS
=======

Prevalence of PAD
-----------------

The overall prevalence of PAD in the patients was 3.2% (*n*=64). The proportion of severe PAD among patients with PAD was 4.7% (*n*=3). The age-adjusted prevalence rate in the population \[[@B12]\] was 1.8%.

Comparative analysis of the prevalence of PAD according to age and sex
----------------------------------------------------------------------

Baseline characteristics of the study population are presented in [Table 1](#T1){ref-type="table"}. Men comprised 58.5% of the subjects, and the mean age of the subjects was 59.5 years. The prevalence of PAD was 4.3% and 1.7% in the male and female subjects, respectively.

[Fig. 1](#F1){ref-type="fig"} shows the prevalence rates of PAD according to age and sex. The trend for the increase according to age was statistically significant in both sexes (*P*\<0.001). PAD was more prevalent in male subjects than in female subjects, regardless of age.

Characteristics of the PAD group
--------------------------------

The mean age of the PAD group was 66.9±9.1 years, and 78.0% (*n*=50) were male ([Table 2](#T2){ref-type="table"}). When the clinical characteristics of these patients were compared with those of the age- and sex-matched control group, SBP and serum triglyceride levels were significantly higher in the PAD group than in the control group. A history of smoking was found in 65.6% and 54.2% of the PAD and control groups, respectively. The amount of smoking was significantly higher in the PAD group than in the control group. No significant differences were found in duration of diabetes, BMI, FBS, 2hPG, HbA1c, C-peptide, total cholesterol, LDL cholesterol or HDL cholesterol. The PAD group had higher rates of all microvascular and macrovascular complications than did the control group. More patients in the PAD group were being treated with medications for hypercholesterolemia or hypertension.

[Table 3](#T3){ref-type="table"} shows the odds ratio (OR) of PAD according to clinical status analyzed by univariate conditional logistic regression analysis. Those with a diabetic duration ≥20 years had a significantly higher risk of PAD (OR, 2.08; 95% confidence interval \[CI\], 1.08 to 4.01; *P*≤0.029). The OR for SBP ≥140 mm Hg as a risk factor for PAD was 2.78 (95% CI, 1.51 to 5.10; *P*≤0.001). The OR for smoking status as a risk factor for PAD was 2.30 (95% CI, 1.02 to 5.23; *P*≤0.046).

In order to determine the factors independently associated with PAD, we performed multivariate conditional logistic regression analysis ([Table 4](#T4){ref-type="table"}). Presence of one or more components of microvascular and macrovascular complications was categorized as microvascular and macrovascular complication, respectively. Higher SBP and the presence of microvascular and/or macrovascular complications were independently associated with PAD.

DISCUSSION
==========

The prevalence of PAD in the general population has been reported to be varied \[[@B6],[@B13]-[@B15]\]. It is generally believed that diabetes increases the risk of PAD two- to four-fold \[[@B7]\]. Most of the previous data on the prevalence of PAD came from Europeans or Americans. In a German population aged ≥65 years, subjects with diabetes had a higher prevalence of PAD in comparison with that of non-diabetics (26.3% vs. 15.3%) \[[@B16]\]. In a U.S. population aged 50 to 70 years, the prevalence of PAD in diabetic patients was 22.0% \[[@B17]\]. PAD was found in 21.1% of newly diagnosed type 2 diabetic Italian patients aged \>30 years \[[@B18]\].

In our study, the prevalence of PAD in Korean type 2 diabetic patients aged ≥25 years was considerably lower (3.2%) than that in Western countries. The prevalence in patients ≥50 years of age was 3.7% (men 5.2%, women 1.9%). In agreement with our study, a previous nationwide survey performed by the Committee of the Korean Diabetes Association on the Epidemiology of Diabetes Mellitus also reported that 3.0% of Korean diabetic patients attending 13 tertiary hospitals in Korea had PAD \[[@B19]\]. Similarly, the prevalence of PAD in an urban South Indian population was 3.2% in non-diabetic subjects and 6.3% in diabetic patients (≥20 years of age) \[[@B20]\]. Conversely, in the PAD-SEARCH study, an international study that investigated the prevalence of PAD in Asian type 2 diabetic patients (\>50 years of age, having one or more risk factors for atherosclerosis), 17.7% of the patients had PAD \[[@B10]\]. The prevalence of PAD in Chinese diabetic patients (≥35 years of age) was even higher (32.2%) \[[@B21]\].

The cause of these differences between studies performed in Asian populations is not known. In addition, the reason the results of our study demonstrated a lower prevalence of PAD in Korean type 2 diabetic patients than that in the Western population is not known. However, this may not be due to simple selection bias because the study subjects were randomly selected from patients attending a large university hospital. In this hospital, milder diabetic patients without apparent diabetic complications are usually referred back to private clinics. The hospital is located in the southern part of Seoul, and more than 70% of the patients come from urban areas. If the lower rate of PAD in Korean diabetic patients is real, this may be related to a lower prevalence of obesity, an important risk factor for atherosclerosis, in this country \[[@B22]\]. Other previous studies \[[@B23],[@B24]\] have shown associations between obesity and manifestations of PAD among diabetic subjects. However, incidences of CAD and ischemic CVA are increasing in Asian populations due to the Westernization of life style \[[@B25]-[@B27]\]. It thus remains to be seen whether the prevalence of PAD in Korean diabetic patients will increase in the future.

The prevalence of PAD in women is usually lower than that in men, and it has been suggested that onset of PAD in women usually starts 10 to 20 years later than that in men \[[@B28]\]. Accordingly, the prevalence of PAD in women in our study was lower than that in men, and, in fact, no women \<60 years of age had PAD.

As with previous studies \[[@B24],[@B29]-[@B31]\], significant differences in SBP, triglyceride, and pack-years of smoking were found between subjects with and without PAD in our study. This finding suggests that these factors may be particularly important in the development of PAD in diabetic populations. We did not find a significant difference in total, LDL- or HDL-cholesterol level between patients with and without PAD. These results are inconsistent with the Framingham Study \[[@B32]\] and other studies \[[@B24],[@B29],[@B33]\]. It is possible that some of these differences in risk factors may be caused by cholesterol-lowering drugs. More patients in the PAD group in our study were taking medications for hypercholesterolemia, which may have masked the real differences in cholesterol.

It is well known that very strong associations exist between PAD and other atherosclerotic disorders \[[@B1]-[@B3]\]. However, independent association of PAD with microvascular complications was not expected. According to the ticking clock hypothesis \[[@B34]\], the risk for CAD starts to increase long before the onset of clinical diabetes, while microvascular complications develop only after the onset of diabetes. However, several previous studies also have shown that peripheral neuropathy \[[@B7]\], diabetic retinopathy \[[@B35],[@B36]\] and renal insufficiency \[[@B37],[@B38]\] are associated with PAD. This can be partly explained by the steno hypothesis \[[@B39]\], which posits that microvascular complications (i.e., albuminuria) reflect widespread vascular damages in the entire body.

The present study has some limitations. First, our results were affected by a selection bias. The sample was not population-based and consisted of individuals who visited a single large university hospital. In addition, our study did not include all diabetic patients who visited in our hospital during the study period. Second, because this study was cross-sectional, we were unable to determine whether risk factors were causally related to the ABI values. Third, we excluded the subjects with an ABI \>1.4. Calcified, poorly compressible vessels in the elderly diabetic patients can artificially elevate values. The Strong Heart Study (SHS) recommended that ABI \>1.4 should not be considered normal \[[@B40]\]. However, the overall prevalence of PAD would not have changed much (3.2% → 3.9%) even if these subjects were classified as having PAD.

In summary, this study showed that the prevalence of PAD might be quite low in Korean patients with type 2 diabetes in comparison with that in Western countries. It remains to be seen whether Westernization will increase the prevalence of PAD in Korean diabetic patients in the future.
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Clinical characteristics of the study groups
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Values are presented as the mean±standard deviation or number (%).

PAD, peripheral arterial disease; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; 2hPG, plasma glucose two hours after a meal; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; OHA, oral hypoglycemic agent; CVA, cerebrovascular accident; CAD, coronary artery disease; ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity.

^a^*P*\<0.05 was considered significant.
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Odds ratios of PAD according to clinical status: results from univariate conditional logistic regression analysis
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PAD, peripheral arterial disease; OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; SBP, systolic blood pressure; CVA, cerebrovascular accident; CAD, coronary artery disease.

^a^*P*\<0.05 was considered significant.
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Adjusted odds ratios of PAD for various independent indicators: results from multivariate conditional logistic regression analysis
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Included in the logistic regression model were smoking, duration of diabetes, SBP, serum total cholesterol, and presence of microvascular or macrovascular complication.

PAD, peripheral arterial disease; OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure.

^a^*P*\<0.05 was considered significant.
